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Driver of the European Particulate
Measurement Program (PMP)

* There Is growing concern that ultrafine partiaiesy

pose adverse effects on human health.

 Mass-based PM emission standards regulate lai@ger S

particles.

 There Is a need for new particulate emission

measurement methods to better quantify PM emissions
from advanced diesel vehicles equipped with a DPF.

PMP Particulate Sampling Methods:

The PMP Mass Measurement Methods are similareg@tinrent European and
the improved US 2007 methods.

The PMP Particle Number Measurement Method indwdginting only solid
particles between 23 to 4000 nm. Volatile paricee removed.



Euro 5/6 PM Emission Standard ﬁ

European Council has adopted the Euro5/6 emissi’ohsétéﬁdé'rds for
light-duty vehicles

R

Euro 5 Particulate Emission Standards: W

PM Mass: 5 mg/km (PMP Method) o

......

Effective from 2009 for new type approvals; 201d.dth models.
Required the use of particulate filters on all dle=sars.

Euro 6 Particulate Emission Standards:

PM Mass: 3 mg/km (PMP Method)
Particle Numbers: 5 x 10km* (PMP Method)

Effective from 2014 for new type approvals; 20164d6 models.



Schematic of Recommended |
PMP Particle Sampling System*
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PMP Solid Particles: Sampled from the CVS by the measurement equipment, between ~23 nm and 4 pm
in diameter, of sufficiently low volatility to survi ve evaporation after a residence time

of 0.2s at 300 °C

(Particle Measurement Programmed Light-duty Inter-L  aboratory Correlation Exerc'i:

* ECE/TRANS/WP.29/GRPE/2008/ Appendix 5
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CARB Testing of the PMP Vehicle and
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Particle Measurement System .

e

The European PMP was introduced in 17 CRC Workshop last year -

« CARB'’s informal participation in the UN-GRPE PMPglt-duty Inter- e
Laboratory Correlation Exercise (ILCE _LD) was aged under a MOU
signed between CARB and Joint Research Center (JRG¢ European e
Commission’s Directorate General. a

« CARB and JRC have agreed to collaborate in a humioesearch areas of _'
mutual interest, such as PM emissions measurement.

CARB Testing of the PMP method was beneficial to J& and CARB.

 For JRC, it provided an important data point inelegient from the European -_
inter- Iaboratory correlation program (PMP ILCE_LD).

 For CARB, it provided practical experience witle tAMP methodology and

a unigue opportunity for comparing test resulthwither laboratories aroundﬁf
the world. e



Golden Vehicle

The GV (Reference Vehicle) was transp:orted..fromia:rto
CARB and tested in CARB’s Haagen-Sr

Vehicle Specifications

it Laboratory

Vehicle Class

| Peugeot 407 Saloon 2.0 Hdi 136 SE

Vehicle Identification No.

| VF36DRHRH21028953

Vehicle Manufacturer

PSA Peugeot Citroen

Engine Type Diesel
No. of Cylinders 4
Engine Displacement in ¢ém| 1997

Transmission Type

6 speed manual

Fuel Delivery Common rail D.1.
Aspiration Turbocharged
Fuel Tank Capacity in liters| 66

Test Inertia (Ibs) 3500

Emission Control System

FAP (uncoated silicon carbide + FBQ

Drive Wheel Tire Type

A v i s B g

Rated Power in kW

100

Max. Speed in km/h

203
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Test Cycles:

1. New European Driving Cycle (NEDC)
2. U.S. FTP Cycle

3. PMP Pre-conditioning Cycle

Test Fuel:
California ultra low sulfur diesel fuel (<15ppm)

Lubricating Oil and Fuel Borne Catalyst:
Fully Synthetic Low Sulfur (<0.2%) OW/40 PAO
Lubricant and Cerium Based Fuel Borne Catalyst
were Provided by JRC

Emission Testing:
Gaseous Emissions: CFR compliance CVS samplingmsyst
PM mass: 40 CFR 1065 compliance filter samplingesys
Particle Number: Multiple systems

PM Characterization: EC/OC, Metal

Evaporative Emissions



Particle Conditioning and Measurement Systems

Several particle number measurement systems werested simultaneously. e

« PMP Measurement Systen{GPMS)
- Transported to CARB from Europe.
- Includes: s
- A cyclone pre-classifier: removes 2.5 um or langericles
- A Volatile Particle Remover (VPR): Rotating disituter and evaporative tube

(MD-19) removes volatile Particles, and secondautel to lower aerosol sample
temperature.

- A Reference and a Golden Particle Number Couisr 8010s) count
particles >23nm

e Horiba Solid Particle Counting System (SPCS) — MeeBMP Requirements
- VPR and Particle Number Counter (TSI 3010): cogatgicles > 23 nm

« CARB'’s Particle Measurement System:
- VPR (MD-19) and Particle Number Counter (Grimm C®@03) - count particles > 5 nm

TSI Engine Exhaust Particle Sizer Spectrometer (EE8) —measures particles > 5.6 nm

 Second TSI Particle Number Counter (TSI 30103 counts particles >10nm
AR
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Gaseous and Particulate Emissions
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CARSB results are from the Horiba SPC
e Coefficient of Var@ance (CoV):

In general, the CoVs for both gaseous
PM from CARB are lower than the




Emission Results
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e All four particle counters are comparable to each o
e Solid Particles measured from the CARB Grimm CPC we
the PMP compliant CPCs. Those patrticles could besu b

e The EEPS results were almost three times higher tha ni

counters due to higher instrument noise.

ther.




Emission Results (cont’)
3. Real-time Particle Number Concentrations duringNEDC Cycle: PNCs T
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Emission Res

4. Repeatability of Particle Number Cou_‘_?
- Horiba SPCS in Five Repeat N

5 Repeat NEDC Cycle-Phase 1

1.00E+06

—NEDC-19
L00E+05 ‘ NEDC-20
‘ ———NEDC-21

——NEDC-24
100E+04

——NEDC-26

1.00E+03

1.00E+02

100E+01
1 38 75 112 14 18 22 26 29 33 371 40 44 48 519 55 59 63 66 70 741 77

Time (s)

Particle number concentrations show similar i

five repeat NEDC and FTP cycles
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5. DPF Regeneration: During Steady-state' C_y_c_le.j__--
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- Particle Emissions in Three consecutive partlaFIDeEgenergt}.Ql -'dur
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Particle emissions increase sharply

during DPF regeneration and were measured
by the EEPS and TSI 3010

The PMP systems detected a moderate
increase in particle numbers

Grimm CPC measured higher particle
numbers than PMP CP(;s_ Those particles
gﬁfw_\/ed the VPR, or

could be either voIatﬂe% _
sub-20 nm solid partlcle%mltted during DRF
regeneration




.......

summary

This evaluation was valuable to both CARB and d&@etter understand particle coum
methodologies and measurement equipment. |

et

The PMP measurement method appears to be praatidakepeatable to measure sohd"
particle number emissions from engine exhaust.

A more robust particle pre-conditioning systeml wrihance the reliability of the m
proposed methodology . i

Alternative particle measurement systems suchesloriba SPCS and CARB'’s o
measurement system are comparable to the PMP System :".f“fﬁ,"

During DPF regeneration, nucleation mode volgid€ticles appear to be the domlnant
source of particles and several orders of ma nitigleer than solid particles. The PMP
measurement method does not account for theselpartFurther investigation of
volatile particle emissions is needed.

Particulate mass and number emissions during BBéneration can contribute
significantly to the overall cycle-average PM résualepending on the frequenc of W
regeneration. They should not be ignored. It isartgnt to accurately quantify
regeneration emissions. L

Current particle counters can measure below 23mirtlzey should be considered
because a S|gn|f|cant portlon of SO|Id partlcleeymalow 23 nm. 16
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NextSteps = @ B
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Publishing the CARB final results i . - i

Continuing to investigate measurement methodologlemc uItraflne partlcles from %
light- and heavy-duty vehicles.

Exploring the feasibility of participating in the H eavy duty Engine PMP Ei

R

Program _
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